Purpose This review aims to provide guidance in managing glaucoma patients more effectively. It focuses on the importance of detecting progression and measuring its rate within the management of primary open-angle glaucoma today. Recent findings strongly indicate that continued monitoring of visual fields (VFs) and reassessment of target intraocular pressures (IOPs) depending on VF progression rates are mandatory in the management of glaucoma. Methods Data on glaucoma progression from older as well as most recent literature findings are summarized in this article. In addition, the article elaborates on the scientific content from a series of lectures given by experts in the field during several international symposia on 'rate of progression ' in 2008. Results This review summarizes key findings on the natural history of glaucoma and known factors for disease progression. It highlights the visual function changes observed as glaucoma progresses and discusses disease impact on patients' quality of life. Findings support the need to obtain information on rate of progression and its importance for clinical management. Practical ways to measure rate of progression are given by new software options to help measure major parameters. Finally, on the basis of a patient's individual rate of progression therapeutic options are assessed, such as maximum medical therapy with fixed combinations. Conclusions Estimating a patient's individual rate of VF progression by using newly developed analyses will be helpful to forecast the potential future development of the glaucoma. An individualized treatment approach then requires that in patients in whom the risk of becoming visually impaired or blind during their lifetime is higher, a more intensive medical IOP-lowering therapy such as fixed combinations can be considered as treatment option.
Introduction
The number of people with visual impairment in 2002 was more than 161 million worldwide, of whom about 37 million were bilaterally blind. After cataract glaucoma is found to be the second leading cause of blindness. 1 The impact of glaucoma on health-care systems is currently increasing with ageing population. In the Western world chronic open-angle glaucoma (OAG) is by far the most common form of the disease.
Disease progression in glaucoma is not uncommon and despite treatment, most patients still progress. A retrospective community-based longitudinal study from Olmsted County in the United States reviewed charts of 295 OAG patients for a mean followup time of 15 years to determine the probability of a patient developing 'legal blindness' in either one or both eyes from newly diagnosed OAG after starting medical or surgical therapy or both. At 20 years follow-up the Kaplan-Meier cumulative probability of glaucoma-related blindness in at least one eye was estimated to be 27%, and 9% in both eyes. These findings support the assumption that the risk of going blind. 2 Further analysis from the same study showed that about 20% of patients progressed to blindness in at least one eye over the 20-year period of the study. Most of these patients had visual field (VF) loss at diagnosis but, more interestingly and importantly, different susceptibilities to intraocular pressure (IOP) were found. Some patients became blind at IOP levels that others could tolerate without significant disease progression. 3 These findings strongly suggest that continued monitoring of VF and reassessment of target IOPs upon confirmation of VF damage progression are mandatory in the management of glaucoma almost if IOP levels are within the statistical normal limits.
Materials and methods
The importance of progression detection and rate forms the basis of this review. Its scientific content derives from established and recently published literature sources as well as a series of 2008 congress lectures given at the World Ophthalmology Congress in Hong Kong, China (27 June 2008) , the Malmö Progression Meeting in Malmö , Sweden (16-17 March 2008) , and the annual meeting of the European Glaucoma Society (EGS) in Berlin, Germany (1-6 June 2008).
Results

Natural history of glaucoma progression
Data on the natural history of visual function deficits in glaucoma are scarce, as therapy is normally initiated VF defects diagnosed. Only in specific cases will the treating physician observe without treatment, for example when IOP levels are still within the normal range.
Consequently, prospective natural history data have been reported on patients with normal-tension glaucoma (NTG): the CNTGS study reported a mean progression of À0.39 dB per year and 33% of all patients actually progressed. 4 Although NTG is common in population studies, these patients are often diagnosed late and are a minority in clinical glaucoma care, except in Japan.
A recent publication presents natural history data not only in NTG, but also in high-tension glaucoma (HTG) as well as pseudoexfoliation glaucoma (PEXG).
This article reports on 118 control patients from the Early Manifest Glaucoma Trial (EMGT), who were followed for at least 6 years without treatment or progressed within 6 years. Data were only included until the patient progressed, because therapy could be introduced at that point in time. Rate of progression essentially followed the same pattern, but differed significantly among the three subgroups. Although the mean overall progression rate was À1.08 dB per year (SD ± 2.07), the values for HTG, NTG, and PEXG were À1.31 (SD ± 1.93), À0.36 (SD ± 0.94) and À3.13 dB (SD ± 3.69) respectively. The progression among PEXG patients was very fast. Progression appeared to be considerably and significantly faster in older patients (median rate, À1.48 dB per year) than in younger ones (median rate, À0.60 dB per year). Based on these data, the mean rate to progress from normal visual function to blindness is approximately 25 years, with PEXG patients progressing considerably faster than NTG HTG patients. The authors therefore advise to look for signs of PEXG in screening and glaucoma case finding.
Such knowledge of the natural, untreated rate of glaucoma progression could allow estimates of the amount of damage arising if access to glaucoma screening is delayed or not offered at certain intervals, or if start of clinical care is delayed. 5 
Risk factors for disease progression in glaucoma
The growing evidence about the wide variability in disease progression and outcomes between patients means that it is essential to study the risk factors that influence this variability. More knowledge in this field will help the clinician to identify the patients who require more care and might need a more aggressive treatment to achieve a better outcome.
The clinical importance of measuring VF progression rates and the clinical use of progression rate for making management decisions are now well recognized. Reviewing data from key glaucoma studies available to date such as EMGT, CIGTS, AGIS, OHTS, and EGPS (Table 1) leads to the following main conclusions: although major glaucoma studies confirmed elevated IOP as a major risk factor, they differed in identifying additional risk factors such as VF damage, age, pseudoexfoliation, or presence of disc haemorrhages.
All trials, but CNTGS, gave evidence for the importance of IOP reduction in management of OHT/POAG.
Within the Canadian Glaucoma Study, a multi-centre prospective longitudinal study of 258 patients with OAG, independent factors, predictive for glaucomatous field progression, were identified: higher baseline age (hazard ratio per each additional year of age: 1.04), female gender (hazard ratio 1.94), higher mean follow-up IOP (hazard ratio per 1 mm Hg 1.19), and abnormal baseline anti-cardiolipin antibody levels (hazard ratio 3.86). IOP was found to be a powerful predictor of progression, with 19% increase of risk for every 1 mm Hg increase in mean IOP. 6 Glaucoma progression rates are highly variable among patients and unfortunately risk factors explain only part of this variation. Therefore, target IOP needs to be individualized and in case of a significant progression a lower target should be sought. After a sufficient number of VFs and when rate of progression is known, it should be the main factor to set or adjust the target IOP. This approach should result in an earlier and a more aggressive treatment of at risk patients, but will also mean that patients with no direct risk for a faster progressive disease can be managed with less frequent visits and with higher target IOP. In case of a further significant progression, treatment should be adjusted and a lower target IOP be set. As the aim of any further intervention is to change the course of the disease reducing the rate of progression, the frequency of VF testing should be consequently increased to detect slower rates of progression with sufficient power, as discussed below. Figure 1 shows examples of a faster and a more slowly progressing patient. If values are plotted against the patient's age, the clinician may assess if this particular patient is potentially at risk of becoming blind.
These concepts/ideas are also highlighted in the 2008 EGS guidelines. The recent guidelines recommend the full integration of VF progression rates into clinical glaucoma practice. 7 
Impact of glaucoma progression on patient quality of life
Glaucoma is a chronic disease that is not life threatening but can have a substantial negative impact on patients' quality of life (QoL) when leading to partial or total loss of sight. In recent years a number of studies have been trying to document the extent of sight-related impact on a patient's life. The following section highlights major findings from recent years.
General aspects in vision-related QoL
White et al 8 found glaucoma to be a major risk factor for occurrence of hip fractures both in men and women with a hazard ratio of 1.9 and 1.3 respectively. The consequences of such fractures in the elderly may present a major impact on mobility and thus QoL.
Functional consequences in eye-hand coordination arising from glaucoma have also been reported in glaucoma patients. Patients were compared with an age-matched control group without any ocular diseases. Glaucoma patients showed statistically significant delays in average movement onset (Po0.0001) and overall movement time (Po0.5), suggesting impairments in initial movement planning and control. Deficits were also recorded in the reaching component, suggesting that glaucoma patients made more tentative movements when reaching out for the object. These deficits were correlated with increasing severity in VF defect as well as impaired stereoacuity. 9 Kobelt et al 10 analysed health outcomes and QoL of 199 Swedish patients with ocular hypertension or OAG. Patients were grouped into five severity stages based on the VF defect values. Findings in this pilot study showed that the VF in the better-seeing eye was significantly correlated with patients' utility in advanced glaucoma. A significant correlation was also found between total visual acuity (VA) and QoL, and VF (measured mean deviation, MD) in the worse eye was correlated with total VA. 10 This means that glaucoma patients with advanced vision loss experience a marked reduction in their QoL.
A different study reported the costs and QoL of late stage primary OAG in four European markets. Even though the study was limited by its observational, uncontrolled design, the authors found that QoL was positively correlated with the level of vision in the betterseeing eye, that is QoL worsened as vision decreased. 
Abbreviations: O, identified as risk factor; F, not identified as risk factor; x, data not collected/analyzed; NA, parameter not applicable.
patients and found that patients rated outdoor mobility and tasks associated with central vision as most important for their personal freedom and QoL. Outdoor mobility was shown to decrease significantly with increasing field loss. 12 A systematic literature review compared the QoL impact of glaucoma to other chronic diseases such as osteoporosis, type 2 -diabetes, and dementia. The authors found that glaucoma affects patients' QoL as much as other chronic but currently more prevalent diseases. 13 In 2009, Evans et al 14 summarized the findings of a systematic literature review on the QoL impact of peripheral vision loss (PVL, with a focus on glaucoma) vs central vision loss (CVL, with a focus on age-related macular degeneration). The results showed that overall more mental than physical components were affected in glaucoma. Vitality and general health were affected substantially. Glaucoma also seemed to affect patients' expectations of treatment and their general vision. Overall the impact on QoL was found to be comparable between PVL and CVL.
14 Quantifiable milestones in vision-related QoL: eligibility to drive a car and disability pension Because individual patients set different priorities and define different activities as important in their daily lives, most QoL parameters are essentially 'soft' indicators for the disease impact on QoL. There are however more precise definitions that may be used as milestones to characterize the impact of glaucoma. Once permission to drive is withdrawn patients normally also lose part of their mobility and independence, making it difficult to obtain essential services and daily goods. 15 They also reduce their frequency of contact with relatives and friends as social opportunities become more restricted. 16 Rules and regulations defining fitness to drive differ between countries.
Visual acuity limits are present in all drivers' license regulations in most countries it is 0.5. VF limits are included in some drivers' license regulations. Binocular VF testing is not routinely used in clinical testing and management of glaucoma, but it is likely of more value than monocular testing in the assessment of functional ability in activities of daily living and to describe visual disability. 17 Although the patient's inability to drive a car is one quantifiable milestone in the daily life of a glaucoma patient, another one is the eligibility to disability pension based the status of 'low vision'. Requirements to obtain disability pensions due to low or absent vision were found to be unique for each country. There are multiple layers of rules and requirements that apply to define 'legal blindness'. Some countries as well as the official WHO criteria distinguish between partially sighted and blind, whereas in others no such separation exists. As a result disability pension requirements cannot be standardized in way that would allow comparability between countries. 18 
Quantification of VF progression rate
Practical guidance for measuring VF progression rate The objective of guidelines (such as the EGS guidelines 2008) is to educate ophthalmologists on management of glaucoma. The most recently published guidelines include a recommendation for use of perimetry to measure rate of disease progression. The guidelines do no longer emphasize detection but the importance of measuring rate of VF progression also in daily clinical practice. 19 The guidelines issue recommendations similar to those reported by Chauhan and colleagues, which discuss with a given number of exams, how factors such as age at baseline examination and rate of progression should be used for analysis. Recommendations the number and frequency of VF measurements, are discussed. A patient À2 dB per year (a high progression rate) has a high risk have visual disability in his lifetime even if has glaucoma with VF of À4 dB. The data suggest that if newly diagnosed patients have 5-6 VF measures in the first 2-3 years, the treating physician is almost certain to detect if the patient is progressing rapidly (in this case À2 dB per year) and at potential risk of visual disability.
Recommended to repeat testing every 4 months during the first 2 years after diagnosis or to test twice per year for the first 3 years. An estimate of progression can then be extrapolated to the patient's life expectancy and management can be changed if the patient is at risk of disability.
Other tests should not be performed at the expense of standard automated perimetry (SAP).
Use of short-wavelength automated perimetry and frequency doubling technology, retinal nerve fibre layer, or optic disc examinations is not as suited to measure rates of VF progression. 20 New software for predicting rate of VF progression over time 21 developed a new visual field index (VFI). It was developed for quantifying perimetric rate of progression with SAP, and has been implemented in the Humphrey Field Analyzer (Carl Zeiss Meditec Inc., Dublin, CA, USA). 21 VFI replaces the previous unit MD measured in dB with a more comprehensible unit defined as percentage of a full field where 100% represents a normal VF and 0% represents a perimetrically blind field. VFI is plotted against the age of the patient. The rate of progression is then calculated by linear regression analysis and presented as yearly change in the VFI. The current trend is extrapolated if enough reliable data are available (five tests or more) over a time period of 2 years or more. Rate of progression with VFI is considerably more resistant to the disturbing effect of increasing cataract than the currently used MD value. 22 This software is a very useful clinical tool for helping the clinician to manage the patients more efficiently printouts are more compact, that is all relevant data are summarized on one page; two baseline tests, the most recent test together with its glaucoma change probability map indicating test point locations with significant deterioration and indicating whether the field shows no, possible, or likely progression compared with the two baseline tests, and the rate of progression analysis.
Bengtsson and Heijl
A pilot evaluation comparing the performance of VFI with MD in calculating the rate of glaucomatous progression was conducted in three groups of glaucoma patients: eyes with developing cataract, eyes with no cataract, and eyes where cataract surgery was performed in the middle of the series. It was concluded that the progression rates calculated using VFI seem to be considerably less affected by cataract and cataract surgery compared with the rates based on the traditional MD. 5 Short-term progression rates can also be used to predict long-term VF outcomes. VF progression rates were calculated from 100 patients with at least 10 VF tests over an average period of about 8 years. Final VFI was predicted based on the first five VF test results and also by using all viable test results from the observation period. Median VFI progression rate was found to be À1.1% per year using both approaches. The authors concluded that information from the first five VF tests was a reliable predictor future VF loss in most patients. 23 Treatment decisions based on the patient's individual rate of progression Findings from the EMGT provide insight into the relationship between glaucoma progression and the effect of treatment. Mainly through population screening, the investigators identified and included 255 patients with early glaucoma, and a median IOP of 20 mm Hg. Patients were randomized to either laser trabeculoplasty and topical betaxolol or no initial treatment. The magnitude of initial IOP reduction was a major factor influencing outcome. On average, treatment reduced IOP by 25% (or 5.1 mm Hg), a reduction maintained throughout follow-up . Each higher millimetre of mercury IOP on follow-up was associated with an approximate 13% increased risk of progression. Progression varied between patient categories and was more common in the control group at any point during the follow-up periods. 24, 25 Guidelines for medical treatment as defined by the EGS with special focus on fixed timolol-prostaglandin combinations European Glaucoma Society guidelines define the goal of the ophthalmologists as 'to maintain the patient's quality of life and visual function at a sustainable cost'. Focus should be also on monitoring the rate of progression to be able to aim for a good, individual target pressure. Lowering IOP is currently the only proven means of preserving the VF.
One approach aimed at better controlling patients at risk for progression by reaching a lower target IOP is to administer a combination of IOP-lowering medications. If target IOP cannot be achieved by administering monotherapy, a combination of two drugs is recommended. The need to use more than one hypotensive drug complicates the management of glaucoma, but such complications can be reduced by the use of fixed combinations. 5 In Europe, about one-third of patients are receiving combination therapy. Of these, two-thirds are treated with a fixed combination. Fixed combination therapies allow the simplification of a multi-drug regimen by reducing the total number of drops instilled per day, thus reducing exposure to preservatives and related tolerability issues. Furthermore, fixed combinations of timolol and prostaglandin analogues are usually better tolerated than the concomitant administration of the two components. Timolol may exert its effect at the cellular level to reduce the occurrence of conjunctival hyperaemia. 26, 27 Fixed combinations also avoid the washout effect from rapid sequential instillation of individual drops, and may improve compliance to chronic therapy and a single bottle reduces the risk of confusion between two treatments. The fixed combination of a prostaglandin analogue and a b-blocker is currently considered to be the most effective eye drop to control IOP. [28] [29] [30] According to the EGS guidelines, fixed combinations have many advantages and may be preferable than two separate instillations of the same agents. 5 Comparing the effect of different fixed prostaglandin-timolol combinations on intraocular pressure Several recent studies have determined efficacy of different prostaglandin-timolol fixed combinations. The following study summaries present only a selection of available data:
A 12-week, multi-centre, randomized, double-masked study in 200 POAG/OHT patients determined the efficacy of bimatoprost, comparing it to a fixed combination of latanoprost and timolol (LTFC) by a 24-h mean IOP curve. Patients were switched from a non-fixed combination of latanoprost and timolol after not reaching the target IOP. Mean change from baseline IOP was À0.2 mm Hg in the bimatoprost group and þ 0.8 mm Hg in the LTFC group.
The data presented suggest that bimatoprost is not inferior to the LTFC in maintaining IOP at a controlled level during a 24-h period in patients switched from the non-fixed combination of latanoprost and timolol. Both treatments had a similar side effect profile. 31 Data from another prospective, randomized, evaluator-masked, single-centre, cross-over, comparative trial on fixed combinations measuring the 12-h diurnal IOP curves of bimatoprost-timolol fixed combination (BTFC) and LTFC were reported in a recent report. A total of 54 patients were included in the study and drug was administered in the evening. The 12 h mean IOP values were 22 mm Hg (SD 1.0) at baseline, 17.7 mm Hg (SD 0.8) for BTFC group and 18.5 mm Hg (SD 0.8) for the LTFC group. The difference was statistically significant (Po0.001). The data suggest that the evening-dosed BTFC provides better IOP control over 12 h than LTFC. 32 A third prospective, multi-centre, randomized, investigator-masked clinical trial was comparing efficacy and tolerability of a once daily evening dose of BTFC and LTFC. A total of 82 patients, not satisfactorily controlled on prostaglandin monotherapy were enrolled into this 12-week study. Although mean baseline IOP was comparable for both groups (22 mm Hg), mean IOP reduction was significantly greater in the BTFC compared with the LTFC group (À21.4 vs 13.7%, Po0.001). The authors concluded that although both combinations were more effective in lowering IOP than monotherapy, BTFC showed a higher performance than LTFC in terms of relative IOP reduction. 33 Such results emphasize the efficacy and support the place of these drugs in the armamentarium of managing the progressing patient.
Conclusions
Estimating a patient's individual rate of VF progression by either plotting VF measures into the age-disability (mean deviation) graph or using newly developed software is necessary to determine the potential future development of the glaucoma.
Once the relative risk of the patient to become visually impaired is determined, a decision to an individualized treatment approach should be taken. In patients where the risk of becoming visually impaired or blind during the lifetime is higher, an earlier, more aggressive IOPlowering therapy should be considered, and clinical follow-up to determine the development of glaucoma damage should be particularly vigilant. Within the range of IOP-lowering compounds fixed combinations with their more potent IOP-lowering efficacy and good tolerability and low side effect profile are very suitable for management of the at-risk or the fast progressing patients.
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